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'CHARACTERISTICS OF A 'BEEBED 37.5O -cK WING OF 

ASPECTRATIO 3 lNSTRAIG3TA34DROILlXG%OW 

By M. 3. Queljo and Jacob H. Lichtenstein 

AII investigation has been conducted in the 6-foot circular test 
section of the Langby stability -hmnel to de termine the effects of split 
f-Pa, nose flaps, and slats in various oombinatione on the stability 
ohazacteristics In straight and roILlAng flow of a 37.5O sweptback wing 
of aspect ratio 3, taper ratio 0.49, and NACA 23012 aMoil sections 
normal to the wing trailing edge. !&!he Mach nmber and Reynolds number of 
the tests were 0.13 and 1;020,000, respectively. 

The results of the investigation indicate that the variation of the 
parameters with lift coeff.icient is essent~ the same at low and 
moderate lift coefficients for all the conflgu2ations tested. The high-lift 
devices extended the initial trend of the derivatives to higher lift 
coefficients, and Fn some case8 also caused smaJJ. displacements of the 
curves plotted against lift coefficient. Rose flaps w-ere not as effective 
as slats inextendlngthe initial trendof the curves tohighlift 
coefficients. Combinations of split flaps and slats produced effects 
which were approximately equal to the sum of the effects of spLLt flaps 
alone and slats alone. 

Estimation of the dynamic fli&t characteristics of aircraft requires 
a knowledge of the componetit forces and moments resulting from the orienta- 
tion of the airplane with respect to the air stream and from the angular 
velocity of the airplane about each of its three axes. The forces and 
moments result- from the orientation of the airplane normally are 
expressed as the static stability derivatives which are readily determined 
Fn conventional wind-tunnel tests. The forces and moments related to the 
angular motions generally are expressed as the rotary-derivatives and 
usually have been e&-ted from theory because of the lack of a convenient 
experlmentaltechnique. 
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In the Langley stability tunnel both the rotary and static stability . 
derivatives can-be determined Xith about-the same ease, and a comprehensive 
pro@ram is now under w~+y to determine the effects of various geometric 
variables on both the rotary and static stability cheracteristics of wings -3 
and complete airplane c.onfigurations. A previous investigation into the 
effect of high-lift devices in yawing flow was reported inreference 1. 
The present investigation is. concerned with the-de.terminatlon of the -. 

. influence of various high-lift devices on the static-and rolling character- 
istlcs of a 37.51~ sweptback wing ofasp?ct ra=ti.g 3, taper ratio 0.49, and .- 
NACA 23Ol2 airfoil sections normal to the wing trailing edge. The wing 
was tested in combination with a circular fuselage. 

. 

SYMBOLS 

The results of the tests are presented as s tandard. KACA coefficients 
of forces and moments which are referred to the system of stability axes 
(fig. 1) with the origin at the. projec!ion on the plane of symmetry of the 
quester-chog point of the mean aerodyna&c chord of t& model (fig..2). 
The symbols and coefficients used herein exe defined as follows: 

cx 

lifti coefficient L 
0 s 

longitudinal-force coefficient -$ 
0 

GY lateral-force coefficient Y 
0 @ 

Ct 

'rn 

rolling-moment-coefficient7 

yawing-mogent coefficient J- 
0 c@b 

pitching-moment coefficient A 
0 Cl= 

L lift, pounds 

x lon@tudinal force, pounds 

y. .- lateral force, pounds 

L' rolling moment, foot-pounds 

w yawing moment, foot~pounds 
. 
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E 

C’ 

X 

x 

Y 

A 

A 

x 

e 

a 

P 

pb 
2V 

rr 

pitching moment, foot-pounds 

.dynamic pressure, pounds per square foot P+ 

0 
r 

mass density of air, slu@o~ per cubic foot 

free-stream velocitg, -feet per second 

wing area, square feet (3.93 sq ft) 

wing span, feet (3.24 ft) 

chord of wing, measured.mllel to plane of symmetry, feet 

mean aerodynamio chord, feet (l.Og6 ft) (Qb'2 c2d$ 

local wing chord measured perpendicuLar to the wing quarter-chord 
line, feet 

longitudinal dis&nce from the root-chord leading edge to the 
quarter chord at any spanwise station, feet 

longitudinal distance from the root-chord leading edge to the 
aerodynamic center, feet (0.904 ft) 

perpendicular dIst.ence from -the root chord to any point on the 
quarter-chord line, feet . 

aspect ratio 

angle of sweep, positive for sweepback, degrees (37.5O) 

taper ratio, ratfo of tip chord to -root chord (0.49) 

angle of pw, degrees 

angle of attack, de,gees 

rate of roll, radieng per second 

a-tip helix a-c@e, radians 
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C &n =- 
w a* 

..I -b- 

v -- 

C acn =- 
%- g. 

2V 

. 
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MODEL AM) APPARATUS 

The tests of the present investigation were made in the 6+00to~rcu- 
lar test section of the Lan@ey stability tunnel. This section is equipped 
with a motor-driven rotor which imparts a twiet to the air stream so that- 
a model mounted rigidly in the tunnel is in a field of flow similar to 
tha-twhich exists about an airplane in: rolling fli&t *(referen= 2). 

The wing used in this investigation was made of maho@ny and had 37.5O 
sweepback of the quarter-chord.l%pe, asp-ec&..mtio 3, taper ratio 0.49, and 
NACA 23OU airfoil sections in planes.normal to the._wing trailing edge. 
The wing was mounted in a circular fuselage so th@t its root chord coin- 
cided with the fuselage center line. Figure 2 Fs a drawinm*e basic 
model ofthis investigation. 

Thd high-lift devices used with the w&q-fuselage combination were 
slats, nose flQs;and sljlit flaps (fig. 3). All slats had chords which 
were 10 percent oe.tie wing chord (measured ~~~IIEJJ to the wing quarter- 
chord line) and all split flaps had chords which were 20 percent of the 
wing chord (normal to wing quarter-chord line). The slats were made by 

l 

1 



S&CA RM No.' L8IO3 5 
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bending strips of L 
16 

inch al.&& sheet to fit the contour of the wing 

leading.edge. A$:Fnch-wide s~ip.of:.al~in~.was_riveted to the lower 

surface of the slat leadfng edge,"&d%hen t&l&dIng e&e was‘rounded~ 
smooth. This simplified construction probably did not reslilt Ln ideal 
slat contours, but it should be adequate for proHUng quali,tative India- 
cations of the effects of slats on the parameters investigated. 

The nose flaps were simulated by placw-the slat trailing edge 
againstthewinglead%ng edge. Some overlap of the nose flap over the I 
wing leading edge was necesssry for proper mounting and, therefore, the 
nose-flap chord was about 9 percent of the wing chord. 

A deflection of 60° was used for all the split flaps. Nose flaps 
and slats were deflected 50°. 

Tests were made of the 10 model configurations indicated In: figure 4. 
The word "wing" is applied to the m-fuselage combination. The slats 

referred to as 0.5-span slats extended from the 0.5$ station to the wing 

tip, and the split flap referred to as the 0.5-span split flaps extended 

from the wing-fuselage juncture to the O.* station. . 

The model was mounted on a single-strut support into which was built 
a six-component strain-gage balance systemby which all the forces and 
moments on the model could be measured. Figure 5 is a photograph of one 
of the,model configurations in the roUng-flow test section of the 
Langley stability tunnel. 

TESTS 

Two series of tests were made. The firs-t series oonsisted of 
straight-flow tests in which the model yaw angle was varied frcan -5O to 5O, 
and the an@e of attack was varied from about -4O up to or slightlS beyond 
the stall angle. The second series of testswas made in rolling flow end 
covered the same angle-of-attack range as that used in strait flow. The 
rolling-flow tests were made at zero anple of yaw and simulated rates of 
roll correeponding to values of pb/2V of 0, f0.0268, andf0.08D2. 

All tests were made at a dynamic pressure of 24.9 pounds per square 
foot, which corresponds to a Mach number of 0.13 and a Reynolds number of 
1,020,OOO based on the model mean aerodynamic chord (1.096 ft). 
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Approximate correctio&; based on-unstiept-*tie theory, for the effects 
of the ilet .boUnaar+$ baveez~,~en applied ~,taq.,w&e of attack and the 
Lon~tudinR.~-fo~ce:cq~~~ic~~.. .mo.tare corrtiotiona ~6x8 applied to ths 
data nor.were the Uta corrected for the effects'of kiocking or turbulence. 
It-is believed that-the omission of these corrections does not appreciably 
affect-the derivatives of the forces and m&n&t8 with respect to yati angle 
and. wing-$1~ helix angle (reference 3). 

. 
RlEXlLTS AKD DISCUSSION 

Presentation of D3ta 

The lon@tudinal characteristics of the various model.confY.guMtions 
are shown as curves.of a, CX, and Cm plotted against CL in figures 6, 
7, and 8, respectively. The static lateral-stabiliw-parameters C 

Cn v- % 
w are plotted in figures 9, 10, and 11, respectively; and 

the roJUng derivatives Cz pf %lg - cyp are presented in figures 12, 

13, and 14, respectively. The data for the 10 model configurations are 
divided into three groups.in each ?i,gure. The groups are (1) wing with 
split flaps, (2) winewith slats or nose flap, and (3) wing with combi- 
nations of split flaps and slalq. The charaoteristico of the plain wing 
are included in each 09 the groups in order to provide a basis for com- 
parison witLresults obtained with various high-lift devices installed. 

Characteristics of PlM.r.Wing 

The characteristics of the plain wing generallg were good in that 
there werd no abrupt.c&anges..Jn any of the de&va$i?es up lm approximat,ely 
maximLml lift. Tests of?other swept wings (reference 4) had indicated 
large Ch~%nges in-the .d;erivativer3at modgrlir_i;e lift coefficienti. The.. 
more favorable characteristics oethe present wing probably are a result- 
of the moderate sweep angle in combination with a low aspect ratio. 

The pitchLngplomen$ curve of figure 8 is esgentially linear up to 
the stal.landhU a atable breakatthe stall. 

The effective dihedral parameter Cz 
$ 

increased linearly with lift 

coefficient up to approximately tiimum iift (fig. 9) and then decreased 
very rapidly beyond tiimum lift. The directional stability of the 
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model C, 
If 

increased approximately as the square of the lift coefficient 
(fig. 10) as might be expected from the theory of reference 5. At about 
the maximum lift coefficient, C, 

f 
broke in a positive direction. 

The ds3npinSinrol.l Cz 
P 

(fig. 12) showed some increase with lift 
coefficient snd, although this trend is not indicated by theory 
been observed'in other tests of swept wings (references 4 and 6j. 

it has 
Nega - 

tive damping 
( 
positive CL was obtained beyond msximm lift, indicating 

that the model would autorotate if it were free to rotate. The yawing 
moment due to roll c"p was negative at all lift coefficients below 
maximum liftbut became positive beyond maximum lift (fig. 13). 

Some of the important measured derivatives of the model are seized 
in table I. The experimental results are csed with the approximate 
theory of reference 5 and, where possible, with the theory of Weissinger 
(references 7 and 8). The ccznparison betweentheory and experiment Sener- 
ally is considered to be fair with the excsption of 

ca/cL- 
The differ- 

ence between the theoretical snd measured values of 
%P probab1y Is 

caused by the wing-tip suction forces associated with asymmetric load 
conditions. Such forces were not accounted for in reference 5. Refer- 
ence 9 indicates that good agreement between theoretical and measured 
values of C 

%I 
CL might be obtained if the tip suction forces were 

accounted for. 

Effects of Split Flaps 

The O.Y-span and l.O-span split flaps produced lift-coefficient incre- 
ments of about 0.33 and 0.48, respectively, and these increments remained 
approx.imately constant, even to the maximum lift coefficient. Tests of 
other swept wings (references 1 and 10) have indicated that flap effective- 
ness in producing lift generally decreases with increase in lift 
coefficient. 

Split flaps increased the longitudinal force very appreciably and 
made the pitching moment more negative. The al&e of the pitching- 
moment curve was not appreciably affected by the 0.5-span split flaPsj 
however, the l.O-span flaps made the slope of the pitching-mcment curve 
less negative. The 0.5-epan split flaps generally made Cz 

f 
less positive 

and the l.O-span split flaps made 
% 

more positive. These displace- 

ments of the Cz 
* 

-curve probably were caused by the shift in the center of 
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pressure of the wing when flaps were def$ected. The ~.5-span split flaps 
shift the center of pressure inboard thusgiving the lift forces on the 
wing panels -shorter moment.arms and making CT 

* 
less positive. The l.O- 

span split flaps shifted the center of pressure slightly outward (because 
the flaps did not extend thr~ugbtbs fuselage) and made the C 

'* 
-curve 

slightly more positive. ., 

The addition of.eplit flaps generally caused-minor displacements of 
the.curves of the derivatives C ng %pJ and Gyp plotted against lift 

coefficient. The actual mechanism of--the flap effect on these derivatives 
is rather complicated and has not yet been fully analyzed. At low and 
moderate lift coefficiente.the derivative CT 

P 
was almoetunaffectedby 

the adtition of split-flaps. In this case the e~lanation seems to be 
strai&tforwsrd;since the addition of split-fh3ps~woul.d be expected to 
have little effect on either the maatude or the location of the center 
of pressure oftha incremental load caused by roll3n.g. For the model 
investigated, the addition'of split flapsinvariably cause-d an extension 
to higher lift coefficients of the trends in the derivatives that-were 
noted at low lift coefficients for the plainwing. 

Ef'fects of Slats end Nose Flaps 

The addition of slats or nose flaps caused the lift curve to be 
extended to higher angles of attack, thus providing increments in maximum 
lift coefficient amounting to 0.18 for the 0.5-apan slat, 0.39 for the l.O- 
span slat, and 0.27 for the X.0-span nose flap. Thenoseflapandslats 
tended to move the aerodynamic center slightly forward, as is indicated by 
the decreased negative slopes ofthe pitching-moment curves (fig. 8). A 
forward shift in aerodynamic center would be expected since the nose flap 
and slats effectively extend the l&ding edge of the wing forward,. 

In genera&, the leading-edge arats and nose flaps caused verylittle 
displacement of the curves.for the ysrious stabil$ty derivatives at low 

- and moderate liftcoefficients.. The primary effect appeared to.amot.qt to 
extensions of the linear (or smooth) portions of the curve8 to higher lift 
coefficients; however, the nose flap was not as effective as the slats in 
maintame the linear trends to higher lift coefficients. A relatively 
large displac~ementj in a negative direction, of the +-curve reeulted. 

* 
from the additionof the l.O-span slat. The slats axd nose flaps caused 
small increases in the dsmping in roll 

r 
egative Cz 

1 
atmoderatelift 

P 
coefficients.. .Thie probably resulta from the effective increase in wing 
area that accoeed the addition of either the nose flaps or slats. 

. 

- 



Effects of Combinations of Split Flaps and Slats 

In general, combinations of split flaps and slats had two major 
effects on the wing characteristics. One of these effects was the exten- 
sion of the linear portion of the curves of wing characteristics to higher 
lift coefficients, and the other effect was the displacements of some of 
the curve8. The data of figures 6 to 14 indicate that these extensions 
and displacements are approximately what would be expected from the results 
obtained for the effects of split flaps-alone ti slats alone. Figure6 
indicates that the combination of the wing with l.O-span slats and 0.5-span 
split flaps produces very nearly the same meximum lift coefficient as the 
wing with I-O-asan slate and l.O-span Split f7apSj however, the pi&ling- 
moment variation at the stall is not as satisfactory for the former 
combination as for the latter combination, .An effect shown by the combi- 
nation of split flaps and slats (not shown by slats alone or split flaps 
alone) is the change in 1ift:curve slope at low lift coefficients for some 
of the configurations (fig. 6). It is believed that the increase in damping 
in roll at low lift coefficients of some of the configurations (fig. 12) is 
associated with the changes in the lift-curve slope. 

cONCLuS10NS 

The resulta of tests made to determine the effec_ts of high-lift 
devices on the stability parameters of a tapered 37.5” sweptback wing of 
aspect ratio 3 in straight and rolling flow have led to the following 
conclusions: 

1. The variation of the parameters with lift coefficient is essentiaXLy 
the same, at low and moderate lift coefficients, for all the configurations 
tested. 

2. The high-lift devices extended the initial trend of the parameters 
to higher lift coefficients and in some cases caused small displacements 
of the curves plotted against lift coefficient. 

3. Nose flaps were not as effective as slats in extending the initial 
trend of the curves fo high lift coefficients. 

4. Combinations of split flaps end slats produced effects which were 
approximately equal to the sum of the effects of split flaps alone and 
slats alone. 

. 

c 

Langley Aeronautical Laboratory 
Rational Advisory Carmnittee for Aeronautics 

Langley Field, Va. 
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. 
TABLE1 

COMSRISON OF F~TH.EPLCIlXKWi 

Parameters lkgertiental Calculated Calculated 
(reference 5) (references 7 and 8) 

. % 0 -053 0.047 0.048 

Czq I" L .0047 -0035 w-B-- 

C 
% I 

CL2 -.oa2 -.OOlO ---mm 

czP -.250 -.230 --237 

CnP/CL -.Ogo - .047 --m-w 

, 
-45 -47 -w--w 

l 
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Figure I.- System of stability axes. Arrows indicate positive directions 
of forces, moments, and displacements. 

. 
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Figure 2.- Drawing of wing-fuselage combination. 
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‘Figure 3.- ’ Details of split flaps and slats. 
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Figure 4.- Model. configurations tested. 
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6. - Effects of high-lift devices on the variation of ano 
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Figure 7.- Effects of high-lift devices on the variation of longitudinal 
force with IJft coefficient for a tapered 37.50 sweptback wing. 
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Figure 8.- Effects of high-lift devices on the variation of pitching 
moment with lift coefficient for a tapered 37.50 swepthack wing. 
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Figure 9.- Effects of high-lift devices on the variation of 
with lift coefficient for a tapered 37.5O sweptback wing. 
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Figure 10. - Effects of high-lift devkes on the variation of 
with lift coefficient for a tapered 37.50 sweptback wing. 
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Figure 11.- Effects af high-lift devices on the variatiQn of CyW 
with lift coefficient for a tapered’ 37.50 sweptback wing. 
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Figure 12. - Effects of high-lift devices on the variation of Cz 
with lift coefficient for a tapered 37.50 Sw@ptback Wing. 
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Figure 13. - Effects of high-lift devices on the variation of Cnp with 
lift coefficient for a tapered 37.50 sweptback wing. 
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Figure 14.- Effects of high-lift devices on the variation of Cyp with 
lift coefficient for a tapered 37.51~ sweptback wing. 


